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A three-equation simultaneous system is used to model the
industrial property market in Great Britain. Strong relationships
are found between new industrial building supply and both real
rents and construction costs, and between rents, industrial
ﬂoorspace availability and the gross domestic product. The
performance of ex post simulations of new building supply, rents
and ﬂoorspace availability are satisfactory with the exception of
rent simulations post 1993. The central forecast of the model
indicates a quiet market until 2001 (lower level of new supply,
constant levels of real rents and increasing availability of
industrial space) but a more active market in 2002 and 2003.
This study suggests that simultaneous equation models can prove
useful alternative tools in analyzing the industrial property
market and generating forecasts both at the aggregate and more
localized level of analysis.
Introduction
Existing empirical work on industrial property markets has resulted in a better
understanding of the workings of this market. This research has produced valuable
ﬁndings on the nature of the inﬂuences determining industrial market behavior
and adjustments. Developers, investors and others with an interest in industrial
property have at their disposal a set of information regarding the forces that affect
demand for industrial space, industrial price determination and the supply of new
industrial space. Of particular signiﬁcance to the investigation of these issues has
been the quantitative analysis that many researchers have undertaken. Quantitative
studies have provided a very useful means to empirically investigate processes in
the market based on different theoretical premises and utilizing alternative
methodologies. The outcome has been an increasing amount of empirical evidence
on key relationships in the industrial market.166  Thompson and Tsolacos
The quantitative literature on the industrial property market is dominated by
studies that have shed light on the factors that govern the variation in rents and
prices and in industrial property development. Industrial rents are impacted by
macroeconomic and industrial sector trends and variables such as the gross
domestic product and manufacturing output have appeared signiﬁcant in current
work (RICS, 1994; and Thompson and Tsolacos, 1999). Other research has found
that the variation in rents and the value of industrial property is explained by
monetary variables and industrial production (Atteberry and Rutherford, 1993),
by general and local market conditions (Hoag, 1980; and Buttimer, Rutherford
and Witten, 1997), and by property and location speciﬁc factors (Ambrose, 1990;
Baum, 1991; Fehribach, Rutherford and Eakin, 1993; and Lockwood and
Rutherford, 1996). More recently, Thompson (1998) proposed an empirically
deﬁned quality standard for industrial property, scoring the various aspects of an
industrial building and its immediate environment and correlating this with
independently derived estimates of rental value.
Similarly, the literature has identiﬁed key variables that drive the supply of new
industrial space. Macroeconomic and ﬁnancial variables including the gross
domestic product, manufacturing output, employment, unemployment, interest
rates and the cost of capital appear to be important determinants of new industrial
building production (Nicholson and Tebbutt, 1979; Barras and Ferguson, 1987;
Wheaton and Torto, 1990; Kling and McCue, 1991; RICS, 1994; Giussani and
Tsolacos, 1994; and Tsolacos, 1995). RICS (1994) have found support for
industrial rent and the employment/ﬂoorspace ratio variables. Two other studies
by McGough and Tsolacos (1995a, 1997) demonstrate the regularities between
the industrial property development cycle in relation to the cyclical movements of
key macroeconomic, ﬁnancial and property market aggregates in the United
Kingdom.
A feature of the industrial property market literature is that the modeling
methodologies that the authors deploy to conduct the empirical investigation are
dominated by single-equation models (a notable exception is the VAR study of
Kling and McCue, 1991). The relationships that these single-equation models
describe are based on theoretical intuition and the authors’ perception of how the
industrial property market functions. Another characteristic of this literature is that
the scope and potential of forecasting work in the industrial property market
utilizing existing speciﬁcations of demand, supply and prices (rents) has not been
fully realized. Exceptions to this observation, at least in the U.K., are the studies
of McGough and Tsolacos (1995b) and Thompson and Tsolacos (1999) who have
forecasted industrial rents and forecasting work on industrial property construction
by the Department of the Environment, Transport and the Regions. Given the
suitability of quantitative models for forecasting, property professionals expect that
estimated models in the industrial market are used for this cause.
The present study aims to make a two-fold contribution to the industrial property
market literature. The ﬁrst objective is to construct a more general model of the
industrial market and simultaneously estimate structural equations for demand,Projections in the Industrial Property Market  167
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supply and rents. Multi-equation simultaneous models represent alternative and
competitive methodologies to single-equation models that have been the main
empirical frameworks in existing studies. It is known in quantitative analysis that
even if individually estimated equations ﬁt the historical data very well, when they
are combined to construct a multi-equation model to describe the overall workings
of the market, their performance may be poorer. This is because the dynamic
structure of a multi-equation system may affect the ability of an individual
equation to reproduce the historical series accurately. Recently, Benjamin, Jud and
Winkler (1998) developed a simultaneous equation model for the retail market in
the United States. The model of the industrial property market in this study
estimates equations for the new supply of industrial buildings, industrial rents and
availability of industrial ﬂoorspace in the U.K. for the period 1978 to 1998.
The second objective of the study is to use this system of equations, which
describe industrial market adjustments, to make forecasts of market trends. Well-
speciﬁed single equations can provide the basis for robust forecasts. A system of
equations represents an alternative means to generate such forecasts. A multi-
equation system, however, allows analysts to forecast more than one relationship
in the market simultaneously. Additional research needs to be carried out so that
modelers are in a position to evaluate the strengths of using simultaneous equation
models for forecasting in relation to single equation regressions or other
methodologies. The simultaneous model constructed in this study is used to make
forecasts of new industrial building supply, rents and ﬂoorspace availability. These
forecasts are produced for a ﬁve-year period, that is 1999 to 2003.
The remainder of this article is organized into ﬁve sections. The next two sections
outline the speciﬁcation of the model and describe the data to be used in the
empirical analysis. The following two sections report the estimation results and
discuss the ﬁve simulations based on the system of equations, along with forecasts
for a period of ﬁve years. The ﬁnal section is the conclusion.
 Model Specification
The multi-equation model of the industrial property market proposed in this study
is a linear model consisting of three equations: an equation for new supply, a rent
equation and an equation for the availability of industrial ﬂoorspace. This model
allows the interaction of the supply of new industrial space, industrial property
rents, construction costs, the availability of industrial ﬂoorspace and
macroeconomic variables. Theoretical intuition and the ﬁndings of existing
empirical work guide the speciﬁcation of the system. This system is built for the
national industrial market in the U.K. The ﬁrst equation of the system speciﬁes
the quantity of new industrial space supplied as a function of the proﬁtability of
projects. It is expected that the proﬁtability of industrial building projects is
proportional with the level of new industrial development activity. This, of course,
assumes that the market will be able to respond to the higher levels of proﬁtability
by providing more space. This may not be the case in particular sub-markets where168  Thompson and Tsolacos
a variety of constraints can inhibit a quick response of the development industry
to development signals. However, at the national level the proﬁtability of industrial
schemes is expected to drive new development. The level of proﬁtability of
industrial projects at any period is related to the growth of industrial rents and
construction costs.1 Rents have a positive inﬂuence on proﬁtability whereas
construction costs exert a negative inﬂuence. Therefore, the new industrial building
supply equation is given by:
NIBSUP  ƒ(RENT , CC). (1) tt t
The term NIBSUP in Equation (1) denotes new industrial building supply, RENT
signiﬁes industrial rents, CC is the construction cost and the subscript t represents
the current period. In this equation, it is assumed that the supply of new industrial
space in a particular year is the result of rents and construction costs at that year.
It could, of course, be argued that past rents and construction costs are more
relevant in Equation (1) since current industrial building development is the result
of past decisions. The rationale for the contemporaneous relationship assumed in
Equation (1) is that past development decisions were made on the basis of future
rents and construction costs. Contemporaneous rents and costs aim to capture the
future level or trends in these variables that developers attempted to predict in the
past, thus it is assumed that current values represent a good proxy for the values
developers had expected. In existing work using similar methodology on other
property sectors, Wheaton, Torto and Evans (1997) used the contemporaneous
values of rents and a measure of construction cost in the supply side equation and
Benjamin, Jud and Winkler (1998) entered prices in their supply equation lagged
one period. However, the inclusion of past values of rents and construction costs
in Equation (1) is a valid point and should be tested in the framework of the three-
equation system.
The second equation in the system is the industrial rent relation. There is strong
evidence in the U.K. literature that rents in the U.K. industrial market are
signiﬁcantly related to their past values.2 Therefore, past rents are relevant in the
determination of current rents. Furthermore, rents are related to the level of
available industrial ﬂoorspace. The variation in the levels of ﬂoorspace available
for occupation partially reﬂects ﬂuctuations in the demand for industrial property,
as it will be explained in the next paragraph. In addition, ﬂoorspace availability
is a control factor in the transmission of demand pressures on rents. The impact
of demand pressures on rents will depend on the degree to which the additional
requirements are satisﬁed by the existing available industrial space that is suitable
for occupation (see Thompson and Tsolacos, 1999). These arguments suggest a
negative relationship between ﬂoorspace availability and rents. The formulation
of the industrial rent relationship in this study has links with the rent adjustment
model using search theory that Wheaton and Torto (1994) developed.Projections in the Industrial Property Market  169
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These authors incorporated lagged rent and a measure of absorption to improve
the ‘U.S. traditional’ rent model that relates changes in rents to the amount of
excess vacancy above or below the market’s estimated structural rate. Equation
(2) represents the rent equation:
RENT  ƒ(RENT , AVFS), (2) tt 1 t
where AVFS is the availability of industrial ﬂoorspace.
The ﬁnal equation of the system models the availability of industrial ﬂoorspace
(or vacant industrial ﬂoorspace). It is expected that both demand and supply side
factors are important determinants of its level. A high level of demand in particular
periods will result in available ﬂoorspace being absorbed by the market and thus
the level of available ﬂoorspace will fall. An inverse (negative) relationship is
expected since a stronger demand is related to lower levels of availability and vice
versa. The existing literature has suggested several contestant variables to capture
demand inﬂuences in this market including the gross domestic product,
manufacturing output, manufacturing employment and unemployment. There is
evidence in the relevant U.K. literature, particularly in industrial rent studies, that
the gross domestic product is an economic series that can be used as a consistent
indicator of the demand for industrial space at the aggregate level (Thompson and
Tsolacos, 1999; and RICS, 1994). This broader national output measure appears
to represent a better proxy of the general state of the industrial sector that includes
warehousing activity. Therefore, the strength of the current demand and take up
rate will depend on the strength of the gross domestic product in the current
period. However, the past growth in gross domestic product could also be
important as the take up of available ﬂoorspace may partly reﬂect pent up demand
that was not satisﬁed in the previous period.
The other inﬂuence on the level of ﬂoorspace availability is the supply of new
industrial space. A higher volume of new industrial buildings completed will tend
to add more space to the current level of ﬂoorspace availability. This will depend,
of course, on how quickly the market absorbs the new space and on whether it is
pre-let. Similarly, at times of persistent low levels of new building supply the
contribution to the amount of available ﬂoorspace is expected to fall. Other things
being equal, the level of available ﬂoorspace should shrink. However, the ﬁnal
result will again be subject to the strength of the absorption and the volume of
existing industrial space brought on to the market. The latter is the result of lease
termination, sub-letting and bankruptcies. Although, there may be measures of the
input of previously occupied stock to ﬂoorspace availability in local markets, at
the aggregate level it is difﬁcult to construct an appropriate series and therefore
this effect is not included in this analysis.3 Equation (3) provides the availability
of industrial ﬂoorspace equation:170  Thompson and Tsolacos
AVFS  ƒ(GDP , GDP , NIBSUP), (3) tt t 1 t
where GDP is the gross domestic product.
Equations (1) – (3) comprise the system to be estimated. Estimates for the three
endogenous variables NIBSUP, RENT and AVFS will be obtained from the
respective equations. The exogenous variables and, therefore, the variables that
drive trends in these endogenous variables are the gross domestic product and
construction cost. In addition, the term RENTt1 that appears in Equation (2) is
also considered an exogenous or pre-determined variable in the system.
 Data
The data for new industrial building supply (NIBSUP) are based on the value of
contractors’ output for industrial projects. Contractors’ output is deﬁned as the
amount chargeable to customers for industrial building work done in the relevant
period for eventual sale or lease. Contractors are asked to report all work on the
site, including sub-contracted work. The ﬁgures for the value of new industrial
building works are collected by the Department of the Environment, Transport
and the Regions (DETR). These ﬁgures are at current values. In this study, they
are revalued at constant 1995 prices using the implied deﬂator of the gross
domestic product at market prices published by the Ofﬁce for National Statistics.
Construction cost (CC) data are also compiled by the DETR. This index measures
the movement in the prices paid for the materials used by the construction industry
in the U.K. The materials cost indices are calculated by weighting together a wide
range of producer price indices for building materials and components. The largest
weights are given to brickwork, excavation and earthworks, structural timber and
blockwork.
The data for industrial rents (RENT) are collected by CB Hillier Parker and are
published in the form of an index. The CB Hillier Parker Rent Index is a spatially
weighted index of rents for new buildings throughout the U.K., collated by local
market experts. It is constructed from estimates of open market rental value for
hypothetical new buildings of circa 1,400 square meters (15,000 square feet) of
standard construction with an average eaves height of 5.5 meters (18 feet), good
access, good loading space, adequate parking and usual mains services. In the
context of the U.K., particularly over the lifetime of the index, a 1,400 square
meter (15,000 square foot) building has been very common and is indicative of
the market for standard, institutional quality industrial units over that period. The
industrial index has a ﬁxed spatial weighting. For example, rent points in the
Southeast region are represented with 51% weight in the index throughout the
series. This index of nominal industrial rents is converted into an index of real
industrial rents using the all-items retail price index published by the Ofﬁce for
National Statistics.Projections in the Industrial Property Market  171
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King Sturge has monitored the availability of industrial ﬂoorspace (AVFS) since
1975. The series is drawn from internal trading databases of vacant stock being
the total of all leasable space above 464 square meters (5,000 square feet) available
at the data point. Buildings, which are functionally obsolete and suitable only for
redevelopment, are excluded from the data. Availability of ﬂoorspace is measured
in square meters.
Finally, the gross domestic product is measured in market prices and the data are
available in constant terms by the Ofﬁce for National Statistics. This is an annual
data series. The construction cost and rent series are available from 1977 to 1998.
Industrial ﬂoorspace availability data are available from 1975. The gross domestic
product and industrial construction output series begin even earlier.
 Results
The regression form of the three structural equations in the simultaneous equation
model is:
NIBSUP     RENT   CC  u , (4) t 01 t 2 tt
RENT     RENT   AVFS  e , (5) t 01 t12 tt
AVFS     GDP   GDP t 01t 2 t1
  NIBSUP   . (6) 3 tt
The s, s and s are the structural parameters to be estimated. ut, et and t are
the stochastic disturbances in each equation. These disturbances are assumed to
be normally distributed, homoskedastic and serially uncorrelated. Therefore, in
this equation system the three endogenous variables NIBSUPt, RENTt and AVFSt
are determined in terms of the exogenous variables and the disturbances.
Before proceeding to the estimation of the system of Equations (4)–(6), the
identiﬁcation and simultaneity issues should be considered, as they will guide the
choice of the estimation methodologies. In order to be able to estimate numerical
values for the structural parameters of this system, the equations must be
identiﬁed.4 Based on the order condition of identiﬁcation, which is a necessary
condition for an equation to be identiﬁed, it is concluded that all equations in the
system are over-identiﬁed. In each, the number of the predetermined variables
excluded (the predetermined variables are CCt, RENT , GDPt and GDP )i s t1 t1
greater than the number of endogenous variables in each equation minus one.
Therefore, there can be more than one value for the structural parameters of the
equations when these are reconstructed from estimates of the reduced form
coefﬁcients. This ﬁnding has implications for the estimation methodology. For
example, the ordinary least squares (OLS) methodology may not provide
consistent estimates.172  Thompson and Tsolacos
The simultaneity problem occurs when the endogenous variables included on the
right hand side of the equations in the system are correlated with the disturbance
term of that equation. It mainly arises from the interaction and cross-determination
of the variables in a simultaneous equation model. If this happens, the estimation
with OLS will lead to biased estimates. To test for possible simultaneity in the
system, the Hausman speciﬁcation error test is applied to pairs of equations in the
system.5 It is found from these tests that the problem of simultaneity is present.
Both the fact that the equations are over-identiﬁed and that simultaneity is present
in the structural equations, suggest that the OLS procedure may not be the most
appropriate system estimator. Therefore, the system should be estimated with other
estimators.
When the system of Equations (4) to (6) was estimated (with either OLS or with
other estimators), the errors in all equations were serially correlated. In such
situations, authors include additional lags of the explanatory variables or use
estimation techniques that allow for the presence of serial correlation such as the
Cochranne-Orcutt iterative procedure. The inclusion of additional lags in the
system did not remedy this mis-speciﬁcation error. On the contrary,
multicollinearity was detected. Another way to deal with the problem of serial
correlation, which may also arise from trended variables, is to use changes (ﬁrst
differences) instead of levels (amounts) for some of the variables. Estimates
showed that time trends were signiﬁcant especially in Equation (6). The re-
estimation using ﬁrst differences of RENT, AVFS and GDP rectiﬁed the problem
of serial correlation and neutralized the effect of trends. The modiﬁed system that
was ﬁnally estimated is given by Equations (7) to (9)6 ( is the ﬁrst difference
operator) and the results are given in Exhibit 1.
NIBSUP     RENT   CC  u , (7) t 01 t 2 tt
RENT     RENT   AVFS  e , (8) t 01 t12 tt
AVFS     GDP   GDP t 01 t 2 t1
  NIBSUP   . (9) 3 tt
Initially the modiﬁed system is estimated with OLS. Exhibit 1 presents the results
of the OLS estimates. It can be seen that all variables take the expected sign and
all are statistically signiﬁcant with the exception of NIBSUPt in Equation (9). It
is worth noting that all coefﬁcients are signiﬁcant at the 1% level (except of course
the coefﬁcient on NIBSUPt). The explanatory power of Equations (7) and (9) is
good. Of the three speciﬁcations, the rent equation has the lowest explanatory
ability (adjusted R2  .57). Equations (7) and (8) appear to be well speciﬁed based
on the DW-Statistic (the d-Statistic and h-Statistic, respectively). The value of this
statistic, however, points to possible ﬁrst order serial correlation in Equation (9).Projections in the Industrial Property Market  173
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Adj. R2 0.79 0.57 0.76
DW-Statistic 1.73a 0.88b 1.40a
Note: Values in parentheses are t-ratios.
ad-Statistic.
bh-Statistic.
This is further tested with the application of the more general Breusch-Godfrey
test,7 which showed that the errors were not serially correlated. The right hand
side variables in Equation (7) of the system were also included (lagged in the
estimates) to test whether lags were relevant, an issue that was raised in the
theoretical discussion. It was found that lagged values of RENTt and CCt are
also statistically signiﬁcant but less signiﬁcant than their current values.
The fact that new industrial building supply did not appear signiﬁcant may suggest
that existing industrial space that becomes vacant is important in determining the
availability of ﬂoorspace. However, as it was noted in the theoretical discussion,
an appropriate series to capture this effect is not available at the aggregate level.
This ﬁnding may also indicate that ﬂoorspace availability is the difference between
the demand and the industrial building stock. This argument was tested within the
framework of the system but the stock variable did not appear signiﬁcant.
The system of Equations (7) to (9) is overidentiﬁed and the application of the
Hausman test still points to simultaneity problems. The system was therefore174  Thompson and Tsolacos






















Adj. R2 0.78 0.55 0.82
DW-Statistic 1.72a 1.07b 0.99a
Note: Values in parentheses are t-ratios.
ad-Statistic.
bh-Statistic.
estimated with the method of two-stage least squares (TSLS). The instrumental
variables (GDPt, GDP , CCt and RENT ) are identical in all equations. t1 t1
Exhibit 2 gives the estimation output. The results obtained from using TSLS
estimates hardly change from those derived by the OLS estimates. The magnitudes
of the structural coefﬁcients and the levels of signiﬁcance in all three equations
are similar to those in Exhibit 1. The value of the adjusted R2 in the NIBSUP and
RENT equations showed a marginal fall. On the other hand, the explanatory
power is higher in the equation for AVFS than before but the low DW d-Statistic
indicates problems of serial correlation. Overall, it can be seen that the TSLS
procedure did not improve the OLS results. The conclusion is similar when a
three-stage least squares method is used as the system estimator. A possible
explanation for these results is the good performance of the system and the well
speciﬁed individual equations when OLS estimates are used, suggesting that these
estimates of the structural parameters are consistent and not biased.8Projections in the Industrial Property Market  175
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 Simulations and Forecasts
Simulations
The evaluation of the estimated structural coefﬁcients in the simultaneous model
of the industrial property market takes place with the examination of the ﬁt of the
individual endogenous variables in a simulation context. Therefore, the ability of
the estimated coefﬁcients to track the historical data of the endogenous variables
NIBSUP, RENT and AVFS is examined. A number of statistics are also used
to evaluate the size of the simulation error. The system used for the simulations
is that estimated with OLS and excludes the term NIBSUPt from the last equation
since it is not signiﬁcant and does not add to the explanatory power of the system.
The period for the simulations is 1984 to 1998. The year 1984 is chosen as the
starting point because it represents a turning point in the cycles of new industrial
building supply and ﬂoorspace availability and allows the evaluation of the
performance of the system over the late 1980s to the early 1990s cycle. The
coefﬁcients used in these simulations are those estimated over the whole sample
period. This is mainly because the same coefﬁcients will be used in the ex ante
(out of sample) forecasts.9 The simulations are dynamic. Therefore, over the
simulation period only the actual values of GDPt, GDP and CCt are used. t1
The term RENT in Equation (8) is the simulation solution, that is the value t1
that the system predicted for the previous period. In these simulations, the
structural coefﬁcients estimated in the whole sample period are used. From the
simulated values of RENT and AVFS, the simulated series for RENT and AVFS
are constructed. The simulated and actual series are given in Exhibits 3, 4 and 5.
Exhibit 3 shows the actual new industrial building supply and the simulated series.
The actual data display a downward trend from 1979 to 1983. This is the period
of the 1980s recession, which hit the manufacturing sector harder. In the period
1983 to 1993, industrial building production in the U.K. underwent a notable
cycle. With the exception of 1985 to 1986, a rapid increase was experienced up
to 1989, which was followed by an equally signiﬁcant fall in the level of new
industrial building production. Since 1993, industrial building production has
shown a moderate growth. The simulated series tracks the phases of the 1983 to
1993 cycle but it does not replicate the trough in 1989 and the drop in 1991 to
1993. In addition, the simulated series over predicted the actual series in the 1991
to 1997 period.
The differences between the simulated series and recorded data from the mid
1980s onwards may be accounted for by market behavior. Post the recession of
the early 1980s, industrial rents fell in real terms for ﬁve years, depressing
proﬁtability and giving little incentive to build industrial space. Between 1983 and
1986, speculative construction was a relative rarity. From 1987 to 1989, however,
as companies reacted to the ‘‘Lawson boom,’’ industrial rents began to rise rapidly
accompanied by a large increase in speculative construction (i.e., the market was176  Thompson and Tsolacos
Exhibit 3  Actual Values and Historical Simulation of New Industrial Building Supply
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Exhibit 5  Actual Values and Historical Simulation of Industrial Floorspace Availability























































constructing space in anticipation of an increase in demand. Post 1989, as this
demand failed to materialize the construction cycle was dragged down by the
continuing availability of vacant new space, which accounts for the trough in the
ﬁrst half of the 1990s. This activity is captured by a subset of the King Sturge
ﬂoorspace availability series. In 1990, new, never previously occupied, space
reached 23% of the total space available. By 1998, the point at which the model
results converge with recorded data, it had fallen to only 6% of the total.
In Exhibit 4, it can be seen that the early 1980s recession in the industrial sector
kept rents subdued until 1985. Real rents showed an increase in 1986 and 1987
and a further substantial rise until 1990. In the period 1990 to 1995, real industrial
rents reﬂected the recession and the low growth rates of the early 1990s. In the
last two years, a stabilized trend is displayed. The simulated series reproduces the
trend of the actual series well until 1993 but again the peak of 1990 is not
replicated. Since 1993, the actual series of real rents exhibited a slight fall, which
seemed to bottom out in 1997 but the model predicts a continuous growth in real
rents. This is an interesting result because several series followed trends since
1993 that one would expect real industrial rents to show a positive growth. For
example, the availability of ﬂoorspace was about 16.7 million square meters in
1993 and fell to 11.3 million square meters by 1998, showing a healthy level of
demand for industrial space. The gross domestic product in the period 1994 to
1998 increased at an average rate of 3.1% and manufacturing output by 1.6%.
Even manufacturing employment, which had followed a long-term downward178  Thompson and Tsolacos
trend, began to recover slowly since 1993. The increasing levels of industrial
building output also showed signs of market recovery.
Post the recession of the early 1980s, industrial rents saw ﬁve years of real decline
followed by two years of rapid increases. Although the economy was growing
above capacity from 1983 onwards and nominal rents were increasing, real rents
continued to fall for two years. On the other hand, the simulated real rent series
showed an increase in the period 1983 to 1985. This cycle seems to be repeating
post the 1992 recession.
Property is an inﬂexible asset. It is physically unable to expand and contract with
changes in demand. As a consequence, in times of low demand there will be spare
capacity within the building. This spare capacity is used up as demand increases
until it reaches the point where the effective operational capacity of the building
is exceeded. This creates market demand for a bigger building. Additionally,
technological changes to the processes within industrial buildings have tended to
reduce the demand for space. This effectively increases the output capacity of the
building. This, of course, assumes the continued suitability of the building.
Therefore, the deviation of the simulated series from the actual rent series is
explained on the basis of fuller capacity utilization, especially at the initial
phases of an economic expansion, the positive take up rate in the period 1993 to
1998 (when the availability of ﬂoorspace declined continuously) and the higher
output/ﬂoorspace ratio caused by technological advances.
Finally, Exhibit 5 illustrates the cycles of the availability of industrial ﬂoorspace.
As is expected, the availability of ﬂoorspace has increased in periods of recession
and low economic growth (ﬁrst half of the 1980s and beginning of the 1990s) and
has fallen in periods of economic expansion (second half of the 1980s and post
1993). The simulated series tracks the actual series quite well. The simulation ﬁt
has increased considerably since 1990 and reproduces the last cycle of available
industrial space very accurately.
The historical simulations are now evaluated with a number of standard
quantitative measures. The results for each of these measures are reported in
Exhibit 6.
Exhibit 6 shows the values of the mean of each series, the standard error of each
equation and the values of the root-mean-square error, which is a measure of the
deviation of the simulated values from the actual time path of the variable. Low
RMSEs is a desirable feature in a simulation ﬁt. The computed RMSEs for the
three series are higher than the standard error of the respective equations. In the
rent equation, however, the former is about twice the size of the latter indicating
possible problems with the performance of this system in forecasting rents.
According to the criterion of the percentage RMSE, the simulations of the AVFS
series are the least accurate. This is likely the result of the consistent over-
prediction in the period 1983 to 1989. The percentage RMSE value is also large
for the supply of new industrial space series. The lowest percentage simulationProjections in the Industrial Property Market  179
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Exhibit 6  Evaluation of Ex Post Simulations
NIBSUP RENT AVFS
Mean 3,691 358 12,003
S.E. of equation 556 20 1,064
RMSE 562 39 1,866
Percentage RMSE 14.4 10.8 19.0
Theil-U 0.07 0.05 0.07
Notes: S.E.: Standard error.
RMSE: Root-mean-square simulation error.
Theil-U Statistic is based on Theil (1966).
error is made in the rent simulations despite the poor simulation performance post
1993. On the other hand, the Theil-U Statistic, an alternative measure of the
accuracy of forecasts, suggests that the forecasting performance of the system is
very good.10
It may be the case that large errors in particular periods inﬂate the values of the
RMSE measures. It was found, for example, that the simulation ﬁt for the NIBSUP
and AVFS series improves in the 1990s (the values of the percentage RMSE fall)
but it worsens for RENT (as it was expected). Overall, the computed statistics for
this set of forecast evaluation measures do not establish a persistent poor
forecasting performance over the whole sample period. It is therefore concluded
that the system can be used for forecasting. However, caution must be exercised
in forecasts obtained for real industrial rents given the simulation performance
since 1993.11
Forecasts: 1999–2003
The system of Equations (7)–(9) is now used to make ex ante (out of sample)
forecasts for the three endogenous variables. Forecasts are made for the ﬁve-year
period 1999–2003. To perform this task, however, forecasts or assumptions must
be made regarding the exogenous variables GDP and CC. Three different
scenarios are therefore assumed regarding trends in these variables. The scenario
projections for each of the variables are summarized in Exhibit 7.
The ‘ofﬁcial’ scenario is based on the government’s forecast for economic growth
and trends in the rate of inﬂation. A slowdown in growth is expected in 1999 and
then a gradual recovery from 2000. The strongest growth rate in the next ﬁve
years is forecasted in 2002. Construction cost growth remains muted in 1999 but
picks up on the upward phase of the cycle before presumably, interest rates are
raised in 2002 to curb inﬂation.180  Thompson and Tsolacos























The ‘golden’ scenario is based on an assumption about stronger economic growth
than anticipated in 1999. The economy is also assumed to show a growth rate of
3% in 2001. Following this economic expansion, the growth rates revert back to
trend in 2002 and 2003 as a result of interest rate rises in 2001. Construction
costs reﬂect economic expansion and growth prospects and bounce more sharply
than the increase assumed in the ofﬁcial scenario. The peak rate in construction
cost growth is assumed to be about 6% in 2001 but then it falls to 2%–2.5%.
The ‘recession’ scenario assumes a recession in 1999 and a slow recovery to trend
in 2002. Construction costs remain depressed and their average growth below
trend. The highest rates of both economic growth and construction cost growth
are assumed in 2002 and 2003.
All scenarios predict a rather similar growth rate of the gross domestic product
and construction costs in 2002 and 2003 but the path is assumed to be different.
The ofﬁcial scenario of course provides the basis for the central forecasts. Exhibits
8–13 show the implications of these three scenarios for the future trends in new
industrial building supply, real industrial rents and the availability of ﬂoorspace.Projections in the Industrial Property Market  181
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Exhibit 8  Forecasts of New Industrial Building Supply
(£ millions, 1995 prices and year on year % changes)
Ofﬁcial % Golden % Recession %
1999 2,959 15.8 3,012 14.3 2,768 21.3
2000 2,741 7.4 2,904 3.6 2,421 12.6
2001 2,654 3.2 2,869 1.2 2,419 0.1
2002 2,767 4.3 2,920 1.8 2,601 7.5
2003 2,886 4.3 2,909 0.4 2,783 7.0
Exhibit 9  Historical and Forecasted Trends of New Industrial Building Supply
























































Exhibit 8 shows that under all assumptions the supply of new industrial space is
expected to fall in 1999 to 2001. As expected, the greatest fall is predicted by the
recession scenario and the least fall by the golden scenario. However, all levels
of new industrial production, as predicted on the basis of the three different
scenarios, will tend to converge in 2002 and 2003. Exhibit 9 puts in perspective
the ﬁve-year forecasts for new industrial building supply.
Exhibit 10 presents the results of the forecasting exercise for the real industrial
rents. The golden scenario forecasts indicate a continuous and accelerating growth
in rents. The recession scenario forecasts a constant fall in rents until 2002 and182  Thompson and Tsolacos
Exhibit 10  Forecasts of Real Industrial Rents
(Indexed values and year on year % changes)
Ofﬁcial % Golden % Recession %
1999 337 0.0 340 1.1 328 2.7
2000 332 1.3 345 1.5 305 7.1
2001 331 0.3 359 3.8 284 6.7
2002 339 2.3 378 5.4 274 3.6
2003 354 4.5 400 5.8 274 0.0
























































no growth in 2003. According to the ofﬁcial scenario, rents will not show any
change in 1999 and will decline marginally in 2000 and 2001. It can be argued
therefore that the ofﬁcial or central forecast is of stable real industrial rents for
the next three years. In 2002 and 2003 rents are predicted to increase by 2.3%
and 4.5%, respectively. Exhibit 11 illustrates these trends in relation to historical
values. It can be seen that none of the forecasted trends will mirror the late 1980s
growth in rents. On the contrary, if the recession assumptions are realized, real
rents will experience a signiﬁcant drop.Projections in the Industrial Property Market  183
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Exhibit 12  Forecasts of Industrial Floorspace Availability
(Thousands of square meters and year on year % changes)
Ofﬁcial % Golden % Recession %
1999 11,859 5.0 11,328 0.3 13,224 17.1
2000 12,826 8.2 11,221 0.9 16,118 21.9
2001 12,852 0.2 9,987 11.0 17,295 7.3
2002 11,881 7.6 8,587 14.0 17,202 0.5
2003 10,595 10.8 7,419 13.6 16,536 3.9
Exhibit 13  Historical and Forecasted Trends of Industrial Floorspace Availability



























































Exhibit 12 shows that on the basis of the ofﬁcial scenario, the availability of
industrial ﬂoorspace will increase in 1999 by 5% and by a further 8.2% in 2000.
Then it seems to stabilize in 2001 before it begins to fall by 7.6% and 10.8% in
the following two years. The recession scenario predicts a substantial increase in
available ﬂoorspace from 1999 to 2001. Exhibit 13 illustrates that the level of
available space could be even higher than that reached in the last recession (early
1990s). Following the peak in 2001, a moderate decrease is shown in 2002 and
2003. The golden scenario indicates a strong take up rate in 2001 to 2003. The
result of this strong take up is that the level of available ﬂoorspace in 2003 will
be broadly similar to that achieved in 1989.184  Thompson and Tsolacos
 Conclusion
The present study has constructed a simultaneous equation model of the industrial
property market that consists of three structural equations modeling new industrial
building supply, changes in real industrial rents and changes in the availability of
industrial ﬂoorspace. This model allows an interaction between new industrial
building supply and rents and construction costs, rents and ﬂoorspace availability
and changes in macroeconomic conditions. Since the bulk of the existing
quantitative work on industrial property markets is based on single-equation
models, this three-equation simultaneous model belongs to the family of more
general interactive models, the potential of which should be explored in industrial
property market research. This model is estimated with data from the U.K.
It was found that changes in the availability of industrial ﬂoorspace, which
represents a good proxy for the take up rate, is strongly related to the changes in
the gross domestic product. Both past rent movements and the changes in
ﬂoorspace availability determine the contemporaneous changes in rents. The
supply of new industrial space is signiﬁcantly inﬂuenced by changes in rents and
construction costs. The individual equations in the simultaneous system are well
speciﬁed. The evaluation of ex post simulations for the period 1984 to 1998
showed that the model reproduces very well the ﬂoorspace availability series. The
simulation ﬁt is also satisfactory for the supply of new industrial buildings but
the peak and trough of the 1987 to 1993 cycle are not captured. Similarly, the
simulated real industrial rent series did not track these peaks and troughs either.
In addition, since 1993 the simulated rent series followed an upward trend and as
a result, it deviated completely from the actual series that exhibited a rather
constant trend or even a minor decline. The upward trend of the simulated series
was justiﬁed by the economic and property market data (e.g., GDP growth,
manufacturing output growth and decline in ﬂoorspace availability). However, this
deviation was explained by the effect of fuller utilization of spare capacity created
by the recession of the early 1990s, the positive take up rate over this period and
technological advances.
Given the importance of forecasts to real estate analysts and the received need to
make forecasts utilizing the estimated frameworks in related quantitative work,
this study produced ﬁve-year forecasts for new industrial building construction,
real industrial rents and the availability of industrial ﬂoorspace. Three scenarios
for growth in the gross domestic product and trends in construction costs were
assumed. The central forecast was produced on the basis of the ofﬁcial predictions
for GDP growth and a related scenario for construction cost growth. The central
forecast indicates a fall in the supply of new industrial buildings in 1999 to 2001
and then a recovery. Real industrial rents are forecasted to remain constant for the
three years to 2001 (or show a very small fall) and to recover in 2002 and 2003.
The availability of ﬂoorspace is predicted to increase in 1999 and 2000 and begin
to fall in 2002. More optimistic and more pessimistic assumptions about GDP
growth (the golden and recession scenarios, respectively) paint a more bear andProjections in the Industrial Property Market  185
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a more bleak picture of trends in new industrial supply, rents and ﬂoorspace
availability than the respective central forecasts.
A ﬁrst implication of this study for the real estate market analysis and the
practicing professionals is the need to evaluate the contribution of more general
models to explain industrial property market trends. The evidence from the U.K.
industrial market is encouraging in the sense that satisfactory results were obtained
for the market processes under study. However, such models need to be built and
estimated in the context of other markets. Since the construction of these models
is partly based on the analyst’s views about the workings of the market, different
arguments can be examined concurrently within the framework of a more general
model. It should be noted that the good performance of individual equations
may not be replicated when they become part of a dynamic system. Secondly,
the forecasting ability of different models and, in particular, of alternative
methodologies should be assessed regularly. The production of central forecasts,
and also a scenario analysis of the kind undertaken in this study, are important
elements to developers, appraisers and investors.
The industrial property market model was estimated at the national level but it
can also be applied to local market environments. The analyst requires output and
construction data for the local market, to use as exogenous inﬂuences and property
market data. The latter should be available by property ﬁrms. Output series are
more difﬁcult to compile at this level and employment data can be used instead.
Manufacturing employment series were included in this investigation but their
performance was inferior to that of the output variable (gross domestic product).
It is, of course, likely that employment data are of better quality than output data
at the local level and more readily available from the local authorities or local
economic development departments. Construction cost data should be available at
the regional level but they may not be signiﬁcantly different (or may not follow
diverge trends) from other regions. Analysts, however, should always search for
more complete series of development costs that comprise other components such
as land costs. The latter are likely to have considerable effects on the supply of
industrial space in localized markets, especially in regions where planning is strict
and industrial land is under threat by other uses. Again, such data are difﬁcult to
obtain and their effect at the national level is difﬁcult to examine. Therefore, the
simultaneous equation framework presented can incorporate other demand and
development cost effects when it is applied and estimated at the local level.
 Endnotes
1 A broader development cost series comprising also labor costs and ﬁnancial costs
would provide a more appropriate measure of the overall costs that developers
incur. Such a series is not available. A labor cost series is provided by the
Department of the Environment, Transport and the Regions but this variable
exhibits a very strong correlation with the construction cost variable (corr. coeff. 
0.99). Its inclusion therefore with construction costs will lead to estimation
problems. However, when the empirical investigation was carried out, the estimates186  Thompson and Tsolacos
showed that in the presence of construction costs, the labor cost series loses its
signiﬁcance. When a series of real short-term interest rates (proxied by the real
Treasury bill rate) was examined, the coefﬁcient took the expected negative sign
and was signiﬁcant but again when the construction costs series is included, interest
rates do not retain their signiﬁcance.
2 Evidence suggesting that modeling industrial rents in the U.K. should take into
account autoregressive processes (which means that past values of rents are
important determinants of present values) was found by McGough and Tsolacos
(1995b). A subsequent study by Thompson and Tsolacos (1999) found further
evidence to support this contention. In the context of the U.S., Atteberry and
Rutherford (1993) have argued that warehouse prices are related to their previous
values.
3 Total industrial stock could be used instead of the current ﬂow of new supply.
Estimates by King Sturge show that this stock has been declining since the mid-
1980s. The cyclical pattern of ﬂoorspace availability is explained in this study by
series that are more cyclical than the estimates of total stock.
4 In systems of equations, the identiﬁcation problem precedes the estimation
problem. If an equation in the system is unidentiﬁed, the values of its coefﬁcients
cannot be obtained from the estimated reduced form coefﬁcients. If unique values
can be obtained from the reduced form equation system, the equation is exactly
identiﬁed. An equation is over-identiﬁed if more than one value is obtainable for
some of the parameters of the structural equation. The issue of identiﬁcation can
be examined using the order and rank conditions of identiﬁcation. We use the order
condition that tells us whether each of the equations in the system is identiﬁed or
not. Moreover, it can tell us whether an identiﬁed equation is exactly or over-
identiﬁed. The rule for the order condition states that if an equation is exactly
identiﬁed, the number of predetermined variables excluded from that equation
equals the number of the endogenous variables in that equation minus one. If the
number of the excluded predetermined variables is greater (less) than the number
of endogenous variables minus one, the equation is over-identiﬁed (unidentiﬁed).
5 This test can be found in Hausman (1976). It has also been discussed in Nakamura
and Nakamura (1981) and Cujarati (1995). As an example of the application of
this test, consider Equations (2) and (3). AVFS is regressed on all predetermined
variables and the residuals wt of this equation are obtained. These residuals are
then added to the right hand side of Equation (2). Equation (2) is estimated and a
t-test is performed on the coefﬁcient of wt. If it is not signiﬁcant, we can conclude
that there is no simultaneity problem. The results of the Hausman tests are available
on request.
6 Equation (7) now suggests that if rents remain constant, there will be no new
construction. However, other factors will induce new construction (as a non-zero
coefﬁcient on the constant implies). Moreover, since rents are determined within a
dynamic system, this situation is unlikely to happen.
7 This test is used for more general forms of serial correlation. It is based on Breusch
(1978) and Godfrey (1978).
8 In addition to these mis-speciﬁcation tests, the possibility of heteroskedastic
residuals in each equation was examined. The White’s general heteroskedasticityProjections in the Industrial Property Market  187
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test (White, 1980) was applied and showed that the residuals in all equations were
homoskedastic. The Jarque Bera test (Jarque and Bera, 1987) showed that the
assumption of the normality of the residuals is violated in Equation (2). Finally,
cross-correlations conﬁrmed that the residuals of the equations are weakly
correlated with each other. The results of these tests are available on request from
the authors.
9 An alternative test is to estimate the system for an initial subset of the full sample
and use the computed coefﬁcients to produce simulations for the remaining
observations. However, given the rather small size of the full sample, an estimation
of the system over a shorter period that leaves a sufﬁcient number of years for the
simulations, may yield unstable coefﬁcients.
10 This forecast evaluation statistic (see Theil, 1966) takes values between 0 and 1.
When the U-Statistic value is close to 1, the predictive performance of the model
is very poor. Values very close to 0 indicate a perfect ﬁt.
11 The simulation results can be subject to the starting period. For this purpose, we
performed simulations starting from 1982 and 1986 and assessed the differences.
These simulations provide very similar results especially for the period 1990 to
1998.
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